Conservation biology is increasingly concerned with preserving interactions among species such as mutualisms in landscapes facing anthropogenic change. We investigated how one kind of mutualism, mixed-species bird flocks, influences the way in which birds respond to different habitat types of varying land-use intensity. We use data from a well-replicated, large-scale study in Sri Lanka and the Western Ghats of India, in which flocks were observed inside forest reserves, in 'buffer zones' of degraded forest or timber plantations, and in areas of intensive agriculture. We find flocks affected the responses of birds in three ways: (i) species with high propensity to flock were more sensitive to land use; (ii) different flock types, dominated by different flock leaders, varied in their sensitivity to land use and because following species have distinct preferences for leaders, this can have a cascading effect on followers' habitat selection; and (iii) those forest-interior species that remain outside of forests were found more inside flocks than would be expected by chance, as they may use flocks more in suboptimal habitat. We conclude that designing policies to protect flocks and their leading species may be an effective way to conserve multiple bird species in mixed forest and agricultural landscapes.
Introduction
Conservation biologists are increasingly calling for strategies that preserve species interaction networks, such as mutualisms, as they may be even more sensitive to anthropogenic change than the species themselves [1] [2] [3] . Here, we explore the conservation implications of one such mutualism, mixed-species animal groups, by asking whether the dynamics of these groups influence how animals respond to human disturbance. Mixed groups are commonly found in fish [4] and mammals [5] , although they have been most studied in birds, in which 'mixed-species flocks' are a prominent form of social organization in temperate climates during the nonbreeding season and year-round in the tropics [6] . Animals in mixed groups gain advantages in foraging and anti-predatory vigilance (reviewed in [7] ), and this may translate into superior fitness [8] . Given that mixed-species groups may be an important part of anti-predatory and foraging behaviour, integrating an understanding of such groups into conservation plans could thus be an important topic in the emerging field of conservation behaviour [9] .
An especially interesting question related to the conservation of species interaction networks is whether there are some species that are particularly important to such networks, which could be targeted in conservation plans in order to protect multiple species simultaneously [10] [11] [12] . A repeated observation in the mixed-species flock literature is that some 'nuclear' or leading species are especially important for the formation or maintenance of flocks ( [13] and references therein). Observational and experimental evidence points to the presence & 2015 The Author(s) Published by the Royal Society. All rights reserved.
of nuclear species being important to the fitness of following species [14, 15] . Hence, there is a potential for a 'non-trophic cascade' where factors that influence the persistence of a nuclear species in disturbed areas have consequences for following 'attendant' species, analogous to a trophic cascade, in which changes in the abundances of species at one trophic level reverberate at lower trophic levels [16] .
Early reports on mixed-species flocks suggested that flocking species were particularly vulnerable to anthropogenic disturbance [17, 18] , and a number of studies have now investigated how flocks respond to fragmentation [19 -24] and to different land uses or successional stages [25 -30] , with the near-universal finding of fewer and smaller flocks in more disturbed conditions. But the larger question of how and why the flocking phenomenon might influence how birds respond to land-use intensity is still unclear. We see at least three ways in which flocking could aggravate or mitigate the effect of human disturbance on forest birds. First, a potentially negative, aggravating effect: mixed-species flock participants may have larger territories than solitary species, and hence may be more sensitive to habitat fragmentation because their space requirements are greater [21] . Indeed, mixed-species flocks do especially poorly in the smallest forest fragments [18, 19, 22, 23] . Second, flocking species may be dependent on other species in flocks, especially on nuclear species [13] . If nuclear species respond poorly to disturbance, this could lead to attendant species also having low resilience [18, 20, 22, 24, 27] . However, if nuclear species do well in disturbed areas, attendants could have high resilience to disturbance; hence, this effect could either aggravate or mitigate the effect of land use, depending on the nuclear species involved. Third, a potentially positive, mitigating effect: forest-interior species might be more likely to travel into, and forage in, disturbed areas when they are in flocks. Dolby & Grubb [31] and Sieving et al. [32] have shown that flock attendant species may travel more into open areas when nuclear species of flocks were present. Tubelis et al. [29] and Péron & Crochet [26] found that some species characterized as forest-interior species also visited forest edge areas when in flocks. As a consequence, flocks outside of protected areas may include more forestpreferring species than the overall bird community does in these areas, and flocks could be targeted in conservation plans as an effective way of protecting multiple species at once in production landscapes.
Here, we examine how mixed-species flocking influences the response of birds to varying intensities of human land use. We use data from a large-scale study of flocks in Sri Lanka and the Western Ghats of India [28] , a biodiversity hotspot in which flocks have been well studied [33] , though previously mostly inside protected areas (but see [22] ). We sampled flocks in three land-use types: inside forest reserves, in buffer areas containing degraded forest or tree plantations, and in agricultural areas. We investigated three hypotheses as to how flocking is important to understanding how birds respond to this land-use intensity gradient: (i) if flocking makes species more vulnerable to anthropogenic disturbance, then we should find that species' propensity to flock in forests (that is, the percentage of individuals in forest that are in flocks) predicts their response to non-forest land-use types; (ii) if leading species' habitat preferences influence the habitat selection of other species, then we should find that different leading species vary in their sensitivity to land use, and also show that attendant species' flocking behaviour depends on what leading species are present; (iii) if flocking allows forest-interior species to enter non-forest areas, then we should find that observed flocks have more individuals of forest-interior species, and fewer open-landscape species, than simulated null flocks, whose composition is based purely on species' abundances. [28] .
Material and methods (a) Data collection
When walking a transect, we noted all birds seen or heard, their group size (number of individuals within 10 m distance of each other), their distance from the transect, as estimated visually, the specific land use of the habitat they were seen in, and whether they were in a mixed-species flock, defined as two or more species definitively moving in the same direction [33] . When a flock was encountered, we noted the distance from the transect to the middle of the flock, and observed it for a minimum of 5 min to a maximum of 15 min, before continuing the transect. Most flocks were considered complete, in that we believed 80 -100% of the individuals were identified. We also noted incomplete flocks and flocks encountered while returning after finishing a transect, provided that a flock had not been seen previously that day in that 500 m section of the transect. Observers, who all had experience with bird watching before the project and were further trained for at least one month, usually worked in a group of two; in total, eight observers collected data for the project. Transects were generally walked in the morning (8.00-10.00) and the afternoon (15.00 -17.00).
The average transect was walked 7.2 times over a year (s.d. ¼ 4.0), with visits staggered over the full annual cycle [28] . Over the 2 years and 2 months of sampling, we collected 34 867 observations of birds inside and outside of flocks, including 204 species, following the taxonomy of Gill & Donsker [34] . The flock data included 329 complete and 159 incomplete observations while walking transects, and 69 additional complete observations that were made on transects, but not while walking a transect. The majority of the data were from Sri Lanka (27 234 observations, 327 complete flocks).
(b) Density estimation
As our statistical analyses (in particular the simulations) required species abundance data, we estimated species' densities, taking into account differences in how easily detected they are. For any one species, we first needed to estimate the number of individuals outside of flocks, which have a species-specific detectability, and add them to the number of individuals inside of flocks, assuming rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151118 that all the individuals of all species in flocks were detected together as a flock. To make these estimations, we used the software DISTANCE [35] ; for more specifics on this analysis, see electronic supplementary material, methods I.
(c) Species classification
As most species that participate in mixed-species flocks in this region are insectivores [36] , for some analyses we used only insectivorous species. Diets were classified according to Rasmussen & Anderton [37] and BirdForum (http://www.birdforum.net), into five diet classes: insectivores, frugivores, carnivores, nectarivores and granivores (eating a majority of arthropods, fruit, vertebrates, nectar and seeds, respectively; electronic supplementary material, appendix S1).
We classified 'forest-interior' and 'open-landscape' species independently from the literature, using Ali & Ripley [38] and Grimmett et al. [39] to make these classifications. Using this method, we classified 57 species as forest-interior species, and 52 species as open-landscape species (electronic supplementary material, appendix S1); the rest were classified as 'unclear'.
For analyses about leading species, we only used data from Sri Lankan transects, because there is already published quantitative (front-to-back organizational) data identifying the leading species: the orange-billed babbler leads lowland flocks [36] , and the Sri Lanka white-eye leads montane flocks [40] (see the electronic supplementary material, methods II for further discussion of these species' leading roles in flocks).
(d) Analysis
(i) To determine whether flocking propensity predicts species' response to land use, we measured species' response to land-use by calculating the proportion of the total density of a species that was observed on forest transects. A species's propensity to flock was defined as the proportion of the total density of a species that was observed in flocks, following Thiollay [41] , and was calculated only for forest transects (as flocks were less frequent outside of forests). Both proportional variables were arcsine transformed to minimize departures from normality and homoschedasticity. We tested whether propensity to flock in forests predicted response to land use, using a general linear model (generalized linear models with binomial distributions were not applicable to the data because the densities were not integers). To make sure this result was not simply due to flocking species being insectivores, and insectivores being more sensitive to land-use, we repeated the analysis using insectivores only. All statistical analyses were performed using R software (R Development Core Team, 2014).
(ii) To determine whether the habitat preferences of nuclear species have cascading effects on the habitat selection of other flocking species, we first investigated whether the two leading species in Sri Lanka differed in their habitat sensitivities at the middle elevations, where they both were relatively common. We compared the presence or absence of these species in the 11 transects outside of forests at this elevation with a Fisher's exact test. In these 11 transects, we also compared the presence or absence of 'babbler-dominated' flocks (flocks in which babblers were the most gregarious species and white-eyes were absent) with 'white-eye-dominated' flocks (flocks in which white-eyes were the most gregarious species and babblers were absent). Statistical analyses of how the densities of these species, or these flock types, responded to land use were qualitatively similar to the results of the Fisher's exact tests, but had low power because of the small number of forest transects at this elevation (4) .
These two leading species are of different sizes, with the babbler being relatively large (66 g) and the white-eye being quite small (13 g) [42] (E.G. 2002 -2003 , unpublished data). Recent work suggests that birds will associate in flocks with other species of similar body sizes [43] ; therefore, we hypothesized that larger birds would prefer joining babbler flocks. To test this hypothesis, we used the phi coefficient as an association measure, calculated by modifying the sp.pair function in the library spaa in R. Other association measures, including the path length (geodesic distance) between nodes in network analyses [44] and simulations of null flocks [45] , gave qualitatively similar results (see the electronic supplementary material, methods III). To avoid associations that are based on similar habitat preferences rather than leader preference [46] , we only used flock observations that were made in the same specific habitat type of the same transect. To avoid problems with small sample sizes, we only used a transect/habitat combination if more than four flocks were observed there (n ¼ 30), only analysed attendant species that were found in at least five flocks in the whole study (n ¼ 40 such species) and only used a species at a transect if it was found at a density more than 0.1 bird per hectare. We then calculated the phi coefficient for each attendant species's relationship with orange-billed babbler and with Sri Lanka white-eye, for each transect/habitat combination, and averaged these measures for all the Sri Lankan transects.
The relationship between association strength with the leading species and the body weight of the attendant species was determined for the two leading species separately by simple linear regression. For body mass, we used the text of Dunning [42] ; for species without data, we either used some of our own unpublished data (8 species) or used the weight of a similar-sized congeneric (17 species; electronic supplementary material, appendix S1). Assumptions of regression were met once body mass was log transformed. To see whether species with extreme body sizes differed in their preferences for flock leaders, we divided the attendant species into three size classes with equal sample sizes (small, 6-15 g; medium, 16-43 g; large, 56-196 g), and for each species we calculated a measure of its preference for orangebilled babbler over Sri Lanka white-eye as the difference between its association values with each species. We then performed a Welch's t-test to investigate whether these preferences differed between species of small and large body masses. The size of the effect was measured using the Cohen's d index [47] .
(iii) As background information to understanding how forest-interior species use flocks outside of forests, we first investigated how propensity to flock changed inside and outside of forests for these and other kinds of species (see the electronic supplementary material, methods IV).
We then simulated 'null' flocks and compared them with observed flocks, following the general approach of Srinivasan et al. [45] , and analysed only insectivorous species because they make up the great majority of flock participants. The pool of birds at a transect was first estimated by summing together the estimates of bird density per hectare inside and outside of flocks, and then calculating the number of birds in a 10 ha area (as shown by Mokross et al. [23] , areas smaller than this size do not retain flocks well in the Neotropics, although comparable data are not available for Asia). We conducted 500 simulations of the same number of flocks as observed (n ¼ 394 flocks in which there were insectivores), based purely on the abundances of the different species at each transect, to produce an array of null flocks. When a species was selected for inclusion in the flock, we added the mean group size of that species found outside of flocks, subsequently subtracting those individuals from the pool of birds at the site. Flocks were filled up to the number of individuals in the actual observations (for the last species added, the group size was truncated to fit the total number of individuals in a flock).
The total number of forest-interior individuals or open-landscape individuals in the simulated null flocks was then compared with the number of such individuals in the observed flocks, using a paired Student's t-test (n ¼ 52 transects with complete flocks). We further determined whether the factors of land-use type, country and elevation (low, 0-500 m; medium, 800-1300 m; high, rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151118 1500-2180 m) affected the difference between observed and simulated flocks, using multi-factor ANOVA. All models were progressively simplified, dropping interaction terms and factors that did not significantly (a . 0.05) explain the variance. We report means and standard deviations of the results of the 500 simulations compared with the observed data.
In order to see how stable the analyses (i) -(iii) were, when replicated in different areas, we also conducted mixed-effects models in which each transect was assigned to one of five main regions (Sri Lanka low, middle and high elevation, India low and middle). In these models, variables were measured for each region separately and region was considered a random factor (see the electronic supplementary material, methods V). These models were in general confirmatory of simpler models, but because such analyses break the data into smaller pieces, and because proportional data in particular become more variable as sample size decreases, they had less power, and we include them only in the electronic supplementary material.
Results
(a) Did flocking propensity predict species' response to the gradient of land-use intensity?
Species that had high propensities to flock in forest were more likely to be confined to forest (LM:
although the effect size was relatively small (R 2 ¼ 0.10; electronic supplementary material figure S1 ). This result was also found for insectivores only (LM:
(b) Can habitat preferences of nuclear species have cascading effects on the habitat selection of other flocking species?
We found the nuclear species to be as expected in Sri Lanka, with the orange-billed babbler and the Sri Lanka white-eye being the most gregarious species in 76% (250 of 326) of Sri Lankan flocks; no other species was observed to be the most gregarious species in more than 10 flocks. Orangebilled babblers were most common in the lowlands (0 to 500 m), while Sri Lanka white-eyes were most common in the montane regions (more than 1500 m), and they each dominated flocks where they were most common (figure 1). Both species led flocks at intermediate elevations. There was some indication that these two species avoided each other in flocks, as they had a strongly negative phi coefficient (mean: 20.46; negative in 8 of 10 transects where it could be tested, sign test: p ¼ 0.11).
Although both these nuclear species had highest densities in forests overall, at middle elevations, where they were both rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151118 relatively common, they showed different sensitivities to land-use intensity (figure 1). Sri Lankan white-eyes were present on all 11 transects outside of forests there, whereas orange-billed babblers were absent on six of these 11 transects (Fisher's two-tailed exact test for comparison between species' presence/absence: p ¼ 0.013). These differences translated into differences in the distribution of flocks. Babbler-dominated flocks were found only on 2 of 11 transects outside of forests, whereas white-eye-dominated flocks were found on eight such transects (Fisher's two-tailed exact test: p ¼ 0.030).
Could differences in the leading species' habitat preferences affect how attendant species select habitat? Such an effect could only occur if species show different flock-joining tendencies based on which species is the leader. We found that attendant species' association strengths with the leader species are significantly influenced by body mass. The larger the species, the more positive were the associations with orange-billed babbler (figure 2a; LM: p ¼ 0.0004, R 2 ¼ 0.26), and the more negative were the associations with Sri Lanka white-eye (figure 2b; LM:
Dividing the associate species into three size classes, the extreme classes (big versus small) differed substantially in their preference for leading species (Welch's T-test:
Attendant species that prefer following a nuclear species that is sensitive to land-use changes (like the orange-billed babbler) may be quite confined in their own habitat selection. For example, take the red-faced malkoha Phaenicophaeus pyrrhocephalus, a species listed as vulnerable in the IUCN Red List [48] . Malkohas are almost always seen inside babbler-dominated flocks (table 1; the 14% of flocks with malkohas that were not babbler-dominated had white-eyes present, but babblers were still numerically the most gregarious species), and this may be one factor underlying why the species is almost always found inside forest, as the only malkohas seen outside forest were in babbler-dominated flocks in the buffer transects. A similar, but less extreme trend of (table 1) .
(c) Were forest-interior species observed more often in flocks when outside of forests?
The flocking propensity of forest-interior species declined only slightly outside of forests, but other types of species showed a more precipitous drop, as flocks themselves were substantially less frequent outside of forests (electronic supplementary material, figure S2 ). Forest-interior species were more frequent in actual flocks that expected by the null simulations. On average, 14.87 forestinterior species (s.d. ¼ 1.48) had more individuals than expected in observed flocks, whereas 10.97 (s.d. ¼ 0.86) such species had fewer individuals than expected (Student's t-test: average t 51 ¼ 7.33, average p , 0.0001). The difference calculated for each transect between the number of species with more individuals in actual flocks than expected from the null models and those with fewer individuals than expected (hereafter referred to as the 'plus-minus' difference) was higher for Sri Lanka than India (LM: average 
Discussion
We conclude that mixed-species flocks can serve as targets of conservation policies in tropical countryside landscapes, perhaps not surprisingly given the dominance of flocking as a form of bird behaviour in the tropics. In most tropical forests, a significant percentage of the birds are found participating in flocks at any one time [41] , with an average of 48% of individuals found in flocks in our region [33] . Mixed-species flocking can increase foraging efficiency (reviewed by Sridhar et al. [6] ), through social copying [49, 50] and the use of other species as beaters by some fly-catching species [51] . Such flocking can also decrease predation risk through a variety of mechanisms, including risk dilution and alarm calling [7, 41, 52] . Such factors have been shown to increase bird species fitness in the only study to investigate this important subject [8] . Hence, it is essential to understand the implications of such a mutualistic social system on how birds respond to the continuing threat of land-use intensification.
We conducted three separate tests relating flocking to birds' response to land-use intensity in the Sri Lankan and Western Ghats biological diversity hotspot. We found that the flock system may influence species' sensitivities to land use in one of three ways. First, flocking species were more sensitive to human disturbance. Second, attendant species in flocks may prefer associating with particular nuclear species, and nuclear species may themselves vary in their habitat preferences, potentially leading to cascading effects on the attendant species' habitat selection. Third, forestinterior species, when found outside of forests, had higher propensities to flock relative to other species than when inside forests. Observed flocks had more individuals of forest-interior species, and fewer open-landscape species, than did simulated null flocks.
Before continuing, we want to highlight some features of our dataset that make it particularly powerful to answer questions about the importance of flocking. First, the unit of replication is the transect, and all values (e.g. flock density, percentage of flocks in which a species was present) were calculated at the transect level. Multiple site studies are historically rare in studies of mixed-species flocks, especially in South Asia [33] , but are preferable because flocks seen at one site are not necessarily independent of each other. Second, for our association calculations, we only use sections of homogeneous habitat on a transect, and thus avoid having similarities in species' habitat preferences drive their associations [46] . Third, we have data from both inside flocks and outside them, allowing us to compare flocks to the general pool of birds at any location. Fourth, while some of our analyses centred on particular parts of the dataset, most analyses used all the transects, which were placed at a wide range of elevations in the two countries and hence give more generality to the results.
In the first analysis, we found that species' flocking propensity influences their exclusivity to forests, with higherpropensity species being more confined to forests. The idea that mixed-species flocking species may be especially vulnerable was first raised by two classic studies of birds' responses to human disturbance [17, 18] and was confirmed by Van Houtan et al. [21] . All three of these studies were in Amazonia, with a unique system in which flocks defend interspecific territories [53] . Since such interspecific territories tend to be large, Van Houtan et al. made the plausible argument that such flocks would not be able to live in small fragments, which makes all participating species susceptible to fragmentation (and hence land-use changes, which correlate with fragmentation). But such an explanation would not seem to be applicable to flocks in South and Southeast Asia, because flocks there do not appear to hold such interspecific territories but rather appear to be similar to 'waves' [54] that birds join when the flock moves through their species-specific territory, and then leave when the flock moves on. How exactly mixedspecies flocking makes species more sensitive to land-use change-acknowledging that the effect size is low (R 2 ¼ 0.10)-in our region is thus unclear. One possibility has been mentioned by Sridhar & Shankar [22] , who actually worked at our Indian middle elevation site: mixed-species flocks might be especially susceptible to human disturbance because attendant species might be adversely affected by the disappearance of a nuclear species, a hypothesis similar to the one we tested in our second analysis. The second analysis is the most complex, because to demonstrate that flock leadership could be important in influencing how attending species respond to land-use intensity, we need to demonstrate two results: first, that leaders themselves vary in their response to different land-use types; and second, that attendant species prefer some leading species to others. We found evidence for leading species having different sensitivities to land uses in middle-elevation rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151118 transects in Sri Lanka, where both the lowland flock leader (orange-billed babbler) and montane flock leader (Sri Lanka white-eye) were relatively common. At this elevation, white-eyes and white-eye-dominated flocks persisted outside of forests more than babblers and babbler-dominated flocks.
Can these differences in habitat preferences affect how other species use habitat? Our association analysis, conducted across Sri Lanka, indicates that bird species tend to associate in flocks based on the leader's body size, a result that has also been suggested by a global meta-analysis [43] , as well as some site-specific studies [55] . While here we have concentrated on the phi association index, we found the same results with other techniques, including network approaches (which have only recently been applied to flock studies [23, 50] ) and flock simulations [45] (which use data from both inside and outside of flocks; see the electronic supplementary material, results). While it is possible that species of the same size may associate together because of similar habitat or resource requirements, adherent species in this system have a great diversity of foraging techniques and heights [36] , so we believe it is leadership, not similar habitat requirements, that drives this result. Bird species of small or large sizes were very selective about which flock system they associate with, and this effect may contribute to the habitat specificity of some endangered species. Our study demonstrates that such potential costs of mixed-species flocking may be specific to certain sites (in this case, middle elevations in Sri Lanka) and certain species (in this case, large species that prefer to follow babbler-dominated flocks).
Several other studies have suggested that dependencies on nuclear species in flocks may lead to flock breakdown in areas if nuclear species are absent [20, 22, 24, 27] , but this is the first study to statistically compare species' associations with different leaders and demonstrate that those leaders prefer different land uses. Our study measures associations observed in nature, and we do not know to what extent such associations represent dependencies. In future work, it would be important to measure the fitness of attendant species in areas with and without specific leaders; because of the difficulties in controlling other factors, such work may best be done experimentally, by removing leading species from isolated patches of forest, as has been done in the USA by Dolby and Grubb, in a study that showed that attendants had poorer body condition when leaders were absent [15] .
The data from the third analysis support the idea that flocks can make habitats outside of forests more accessible to forest-preferring species. This hypothesis was supported by the observational work of Tubelis et al. [29] and Péron & Crochet [26] , as well as a few experimental studies [31, 32] . We found that forest-interior species' propensity to flock is higher relative to other species when they are found outside of forests and that such species are found more inside flocks than would be predicted based on their abundances alone. Flocks are not welcoming to open-landscape species, with almost twice as many species having fewer individuals in flocks than expected from their abundances, and this effect is particularly acute in agricultural areas. In such highly modified areas, the birds in flocks may not be classified as forest-interior species, but they prefer forest more than the average birds do of those areas, and hence can be targets of conservation in working forests and agricultural areas [56] .
Our data suggest that conservation plans should target flock systems and their leading species. Note that the density of flocks is often much lower outside of forests than in them, so that in some cases conserving flocks is not possible: for example, flocks were completely absent from agricultural transects in India [28] . Nevertheless, flocks did persist in agricultural transects in Sri Lanka at a low level and were nearly as dense in buffer transects in both countries as they were in forests [28] . A clear priority for further research is to understand what vegetation structural and floristic characteristics are correlated with flock persistence [57] or with the presence of particularly important nuclear species in highly modified landscapes.
In summary, we are able to use a unique, large-scale multisite study, with data on birds inside and outside of flocks, to ask novel questions about how the flock system influences the participating species' response to a gradient of land-use intensity, adding to a quickly accumulating literature on how flocks respond to anthropogenic disturbance [23, 24, 27, 28, 30] . Flocking species are particularly sensitive to disturbance, being more exclusive to forest, and flocks outside of forests are particularly important to the forest-preferring birds that remain in these areas. Further, we show that different attendant species prefer different leading species, and that the ways these leading species respond to land-use intensity themselves can vary; these effects of leadership could potentially aggravate how land-use intensity affects birds in some areas and for some species. This is another example of how 'strong interactors' may be important to communities [11] , and hence targets for community conservation [10] .
Ethics. This observational study followed the laws of Sri Lanka and
